Cyanobacterial blooms in Thailand waters contain microcystin (MC) hepatotoxins that are a risk to animal and human health. The biodegradation of MCs is a safe and natural method of removal from water. The [Dha 7 ] MC-LR was purified by chromatography, identified by liquid chromatographytandem mass spectrometry (LC-MS) and used for examining the biodegradation of MCs. Analysis of MC levels revealed degradation of the [Dha 7 ] MC-LR by the bacterium Novosphingobium sp. KKU15, with complete degradation occurring within 3 days under conditions in batches of a flask experiment. The ability of the bacterium to degrade the MCs through a slow sand filter was also investigated. Removal of the [Dha 7 ] MC-LR by biological sand filtration was assessed using a polyvinyl chloride column experiment. In MC-dosed water, degradation of the MC was observed specifically in the inoculated samples (bacterial concentration of 1.6 × 10 7 CFU/cm 3 of sand), with complete degradation occurring within 7 days compared to the uninoculated controls. A polymerase chain reaction (PCR) specifically targeting the 16S rRNA gene of Novosphingobium sp. KKU15 was used to monitor the presence of the bacterium in the experimental trials. PCR products indicative of a bacterial population were observed at all of the sample sites in the column where the degradation of the MCs was observed, indicating that this bacterial isolate was active in the degradation of MCs.
INTRODUCTION
Harmful cyanobacterial blooms are frequently observed in fresh water bodies worldwide due to several factors, primarily eutrophication and climate change (Oudra & Andaloussi ) . Several cyanobacterial genera produce a range of natural toxins collectively known as cyanotoxins (Diltmann & Wiegand ) . The most ubiquitous cyanotoxins are the hepatotoxic microcystins (MCs). They are produced by a number of planktonic, bloom-forming genera, especially
Microcystis (Codd et al. ; Falconer ) . MCs are synthesized and retained in cyanobacterial cells, but during bloom senescence and cell lysis, they are released into the surrounding water (Mazur & Pliński ) . The contamination of water bodies by MCs has led to fatalities among wild and domestic animals worldwide (Sivonen & Jones ) , and the toxins are associated with primary hepatocellular carcinoma in humans (Ueno et MCs are difficult to remove during traditional water treatment processes due to their chemically stable, cyclic heptapeptide structures (Jiang et al. ) . They also persist in natural waters for 9 days before they begin to disappear (Jones & Orr ; Hyenstrand et al. ) . Many chemical and physical methods have been proposed for the removal of MCs from fresh water, such as adsorption by activated carbon, chlorination, and oxidation using chemical agents (De La Cruz et al. ) . However, none of these processes has been successfully implemented due to the high treatment costs and low efficiencies of MC removal. Therefore, further research is needed to identify more economical and environmentally acceptable methods for the removal of MCs.
Recently, the biological degradation of MCs in natural lakes and reservoirs and the use of slow sand filters and specific biodegrading bacteria have been reported (Cousins et al. ; Christoffersen et al. ) . Biological sand filtration systems are increasingly attractive to water suppliers because they are generally low-technology systems requiring little maintenance and infrastructure (Ho et al. ) . The biodegradation of MCs in sand filters is mediated by the biological activity that occurs due to the attachment and growth of biofilm microorganisms (Saitou et al. ) .
Because MCs are degraded readily by aquatic microorganisms in natural water, degradation of MCs could occur in sand filtration systems where microorganisms exist within the biofilm of the filters (Jones & Orr ) .
The objective of this study was to investigate the removal of MCs by cultures of the isolated bacterium, Novosphingobium sp. KKU15, using shake flask and slow sand filtration experiments. Because significant amounts of MCs were required for the biodegradation experiments, MCs that were extracted and purified from cyanobacterial cells were used instead of expensive, commercially available MCs. Molecular analysis of the 16S rRNA gene sequence was performed to detect the bacterium responsible for the degradation of MCs in the sand filter column.
MATERIALS AND METHODS
The MC-degrading bacterial strain
The Novosphingobium sp. KKU15, the strongest MC-degrading bacterial strain isolated from Kaen Nakhon Lake, Khon Kaen Province, Thailand in 2011 by Phujomjai & Somdee () was used in this study. The cultures used for inoculation were grown in peptone yeast extract medium for 48 h at 30 W C. The cells were washed three times in MLA medium (Bolch & Blackburn ) prior to inoculation.
Source of the MCs
The MCs were purified from Microcystis aeruginosa KKU-01 cells isolated from Bueng Nong Khot, Khon Kaen, Thailand in 2010. The cyanobacterial cells were grown in MLA medium with bubbling air at room temperature under light intensity of 20 μmol photons m À2 s À1 with a 12/12 h light/ dark cycle. The cell were grown for 3 weeks and were then harvested by centrifugation, lyophilized and stored at À20 W C.
Extraction and purification of the MCs
The MCs were extracted and purified according to the 
Degradation of MCs using sand filtration
This experiment was performed using a biologically active slow sand filter, according to the method described by 
RESULTS AND DISCUSSION

Extraction and purification of MCs
To obtain significant amounts of MC variants for the biodegradation experiments of this study, a modified method of (Figure 4(a) ). There was a sharp decline during the first day of incubation, during which 92% of the toxins were eliminated. Because the toxins could not be detected in the culture after 3 days of incubation (in this study, the limit of detection by HPLC was 1 μg/l), it was concluded that complete degradation had occurred.
Biological degradation by bacteria appears to be the MC-LR, introduced as MC-dosed water, was observed in the column inoculated with the bacterium (a concentration of 1.6 × 10 7 CFU/cm 3 of sand) but not in the uninoculated control. The complete degradation of the MCs was observed within 7 days (Figure 4(b) ). In the uninoculated control, only In addition to the removal of MCs through biological treatment methods using sand filtration, physico-chemical methods have been used. However, only advanced water treatment processes such as activated carbon, ozonation, and photolysis can remove dissolved MCs from water. Granular activated carbon (GAC) is commonly used for water treatment as well as the removal of MCs but the cost and the effort of recharging are high. This reduces willingness to recharge the GAC beds at short intervals (i.e. months compared to years) with a relatively small water volume (Lawton & Robertson ) . Ozone is one of the most powerful oxidants and widely used in water. Ozone was Note: Alanine (Ala); Leucine (Leu); Erythro-3-methyl-D-aspartic acid (MeAsp); arginine (Arg);
(2s,3s,8s,9s)-3-amino-9-methoxy-2,6,8-trimethyl-10-phenyldeca-4,6-dienoic acid (Adda); D-Glutamic acid (Glu); Dehydroalanine (Dha). 
